 (Occup Environ Med 1996;53:417-421) 
minium dust fractions in two different potrooms, and correlates their concentrations with biological indicators in this group of workers. Methods-Air was sampled at defined work sites. Non-destructive and conventional techniques were used to find total and respirable aluminium content of the dust. Blood and urine was collected from 84 volunteers employed at various work stations throughout the smelter and from two different cohorts of controls matched for sex, age, and socioeconomic status. Aluminium in serum samples and urine specimens was measured by flameless atomic absorption with a PE 4100 ZL spectrometer.
Results-The correlation of alumnium concentrations in serum and urine samples with the degree of exposure was assessed for three arbitrary exposure categories; low (0.036 mg AlVm3), medium (0-35 mg AI/m3) and high (1.47 mg AImM3) as found in different areas of the smelter. At medium and high exposure, the ratio of respirable to total aluminium in the dust samples varied significantly. At high exposure, serum aluminium, although significantly raised, was still within the normal range of an unexposed population. The workers with low exposure excreted aluminium in urine at levels significantly higher than the controls, but still within the normal range of the population. However, potroom workers with medium and high exposure had signifi- After non-destructive analysis, filters were dissolved in concentrated HNO, in platinum crucibles for flameless atomic absorption spectroscopy. For ICP analysis, the filters were placed in teflon bombs, hydrofluoric and nitric acid were added, and the samples were digested in a microwave oven.
SERUM ALUMINIUM
Serum was diluted 3x with 5-46 mM Mg(NO3), in 0'1% Triton X-100 with the AS-70 autosampler on the spectrophotometer. A total of 9 Ml of diluted sample was injected in triplicate into the graphite tube and the concentration derived directly from the linear calibration.
A calibration curve was constructed by the method of addition and was found to be linear up to 40 jg/1.
URINARY ALUMINIUM
Urine samples were diluted 5x with 5N HNO3 Step Temperature OC Ramp s Hold s ml/min Drying   1  50  5  5  250  2  80  3  2  250  3  100  5  5  250  4  130  10  25  250  5  150  5  10  250  6  400  30  20  50   Ashing   7  1300  10  25  250  8  1400  1  5  250  Atomisation  9  2300  0  5  0  Cleanout  10  2500  1  4  250  11  20  1  5  250 Characteristic mass = 16 -28 pg/0-0044 Absorbance-s to keep salts in solution. A calibration curve was constructed by the method of addition, and was found to be linear up to 200 gg/l. The specific gravity of urine was measured with a refractometer and the aluminium concentration for each urine specimen was corrected for a specific gravity of 1-020.
QUALITY CONTROL Accuracy of analysis was assessed by including quality control samples from Nycomed Seronorm trace elements (Oslo, Norway, batch 108) with each batch analysed, both for serum and urine samples. Also, European Pharmacopoeia Commission BRP human albumin was analysed periodically.
STATISTICAL METHODS
The ANOVA test was used for normally distributed data. The Kruskal-Wallis test (MannWhitney or Wilcoxon two sample test) was used for non-parametric data.
Results

AIRBORNE ALUMINIUM
Scanning electron microscopy with energy dispersive microprobe analysis showed that most of the dust particles collected were aluminium compounds. No other metals were detectable in significant amounts. No quartz or asbestos particles were encountered during the study. These data will be published elsewhere.
It was important to ensure that the method used to find aluminium on the filters was giving an accurate reflection of the material collected. For this reason we selected different methods for both dissolving and analysing the dust samples as described under methods. It was reassuring to find that the two methods gave similar results with a correlation coefficient of R = 0 9977 for the samples collected in the same areas of exposure. The conclusion to be drawn is that a valid estimation of the amount of aluminium present had been obtained.
When expressed as A120, this accounted for between 16% and 33% of total dry material on the filters. The concentrations of Fe, Pb, Cu, and Zn as detected by both methods were negligible in terms of sample mass and the residue comprised other unidentified particles.
The airborne concentrations of aluminium found at the various work sites differed considerably, and were grouped into three arbitrary exposure categories; low (carbon plant, cast house, anode rodding, boiler shop, chemical laboratory, and stores), medium (potroom 1), and high (potroom 2). Table 3 shows the concentrations of airborne aluminium in these three categories. The concentrations found were all well below the generally accepted threshold limit value (TLV) of 10 mg/Mi.22
Other elements present were in the form of traces of Fe, Pb, Cu, and Zn as detected by graphite furnace atomic absorption spectroscopy, ICP, and energy dispersive x ray analysis. However, these were at such low concentrations as not to be considered toxic.
Results obtained from the graphite furnace Traces of Fe, Pb, Cd, Zn were also detected by graphite furnace atomic absorption spectroscopy.
atomic absorption spectroscopy and ICP studies were very similar but non-destructive energy dispersive x ray analysis gave higher results with urban particulate calibration. Subsequent calculations are based on the graphite furnace atomic absorption spectroscopy and ICP results.
From the results obtained, it became apparent that the main areas of interest in the smelter are potrooms 1 and 2. Here the concentrations of airborne aluminium found could be expected to result in a measurable biological response. The levels of total dust during the second dust collection (to measure the respirable fraction) were somewhat lower than at the initial collection but still within acceptable limits. The total and respirable aluminium dust fractions in both potrooms differed considerably (fig 1) . The respirable fraction as a percentage of the total was 52% in potroom 1 and 87% in potroom 2.
BIOLOGICAL INDICATORS
Serum aluminium Figure 2 shows the comparison of the aluminium concentrations in serum samples for all the categories of exposure (controls and low, medium, and high) and their significance.
The mean serum aluminium for both control groups was 4-76 pg/l.
There was no significant difference in results for controls between two different geographical regions.
No significant differences were found between controls and subjects exposed to low (serum aluminium 4-10 Mg/1) and medium (serum aluminium 4-85 yg/l) dust concentrations.
However, a highly significant difference (P = 0 000054) was found between the high exposure and control groups. The average concentration of aluminium in serum samples of the exposed group was 7-15 jg/l. j3* Urinary aluminium Figure 3 compares the urinary measurements )om 2 (corrected for specific gravity) for workers in three different exposure categories and the controls. All three exposed groups are significantly higher than the controls. They are also signifi- Level of exposure Discussion All workers from the various work stations in the primary smelter were exposed to aluminium dust at well below the current TLV as set by the American Conference of Governmental Industrial Hygienists (ACGIH). 22 The mean exposure in potroom 2 (rated as high exposure in this study) was only 1-47 mg Al/m3 for the total dust fraction. This concentration is 1/30th of the ACGIH TLV. The total dust samples from the smelter contained mainly aluminium with negligible amounts of other metals. These trace metals are unlikely to have any biological effect.
Duration of exposure for all smelter workers in the study is very similar, with the mean of 13 years for the low and high exposure groups, and seven years for the medium exposure group. All groups, including controls, were of similar age (mean 40 years).
A significant increase in serum aluminium concentrations over controls was found in the high exposure group only. However, these concentrations were still within the range of normally encountered values and cannot be used as an indicator of exposure.23 All other groups had serum concentrations almost identical to controls.
These slight changes in serum aluminium concentrations were, however, accompanied by significant increases in urinary aluminium concentrations which were definitely dose related. This confirms the findings of other recent studies.9 15 However, this response can only be considered to be a practical index of exposure if the airborne concentration of aluminium is above 0 35 mgAl/m' of total dust. This confirms our previous findings in a study of foundry workers where exposures to low concentrations of aluminium were not accompanied by significant increases in urinary aluminium concentrations."' From the current study it seems that the levels of respirable dust encountered in both potrooms may play a significant part in the actual biological response to exposures to aluminium in the smelter environment.
The potrooms differed considerably from each other, not only in the concentration of total aluminium in the air, but also in the concentration of the respirable dust fraction. In potroom 2, 87% of aluminium present was in the respirable form. The biological response was significant both for serum and urinary aluminium concentrations at this level of exposure.
It is well documented that above 50 years of age, there is a decrease in kidney function. '4 When we examined the data for the workers in potroom 2, and took age into account, we did not find any significant differences for subjects under and over 50 years of age for either serum or urinary aluminium.
In interpreting the biological response to aluminium exposure, we suggest that not only total aluminium, but also the respirable fraction, should be monitored and measured in the workplace air.
It could be argued that this and similar studies are flawed in that the subjects have worked for considerable periods in the smelter environment. In many cases exposure started long before the toxicokinetics of aluminium were considered to be of any significance. Cumulative exposures are not easy to estimate.
For this reason, there is an urgent need for baseline studies on new workers entering the potroom environment for the first time. Only then will it be possible to determine at what stage of cumulative exposure a biological response becomes evident. We are fortunate to be in the position to have initiated such a study in a new aluminium smelter presently in the final stages of construction, and will report on our findings in due course.
